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June 1-4,1993, Paper No. 7.14

Site Stabilization in Hurricane Region
K. Peter Yu
Senior Associate, Langan Engineering and Environmental
Services, Inc., Elmwood Park, New Jersey

SYNOPSJ:S

Development over the last 10 years of The Waterways - a 180-acre (73-ha) planned community in North
Miami Beach, Florida
has advanced the knowledge of constructing low-rise structures and
infrastructure over preloaded organic soils, and of supporting high-rise towers on shallow foundations
over precompressed loose sand. The experience gained from this project indicates a preconsolidation
ratio between 1.7 and 2.0 is appropriate for the preloading of organic soils, and a preload about two
times the weight of a high-rise tower is appropriate for precompressing the loose sand. The successful
foundation performance of this major development demonstrates that preloading is a reliable and
economical site stabilization technique to treat organic soils and deep deposits of loose sand with
highly variable engineering properties.

INTP.ODOC'l'J:ON

This paper describes the geotechnical experience
gained over the last 10 years at a 180-acre (73ha)
waterfront development in the hurricane
region of North Miami Beach, Florida.
The site
is underlain by poor subsoils and rock including
mixed organic silt and peat, soft limerock and
loose sand of variable thicknesses. The project,
entitled "The Waterways" 1
is a residential
development of over 3,000 units in 2 to 3-story
townhouses/single family homes and 14 to 30-story
condominium
towers.
Initial
foundation
considerations of piles with structural ground
floors and County requirements of removal of all
organic soils from below utilities and roadways
made the project economically infeasible.

After a comprehensive subsurface investigation 1
which included site history research, borings,
cone
penetrometer
tests,
test
pits,
and
laboratory tests 1 instrumented field load tests
were performed. The field test results confirmed
that the organic soils could be precompressed in
a
timely manner to allow construction of
roadways 1 utilities and even 2 to 3-story housing
units over the precompressed organic soils. This
finding
and
previous
experience
with
precompression of the loose sand for supporting
high-rise buildings on shallow foundations as
reported by Leary and Langan (1982) helped in
making the project financially feasible.
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The project site is a tract of land located in
Dade County, Florida, immediately south of the
Broward-Dade County Line and immediately west of
the Intracoastal Waterway. See Fig. 1. The area
was once a low-lying mangrove swamp and not
readily
accessible
due
to
the
extremely
compressible nature of the subsoils. In the early
1960's, the site was dredged to a configuration
of islands and shallow canals for single family
development as shown in Fig. 2.
This dredging
activity significantly altered the subsurface
conditions.
Subsequently,
more
intense
development was planned and in the late 1960's,
the entire area was filled with hydraulic fill
obtained
from
dredging
of
the
adjacent
Intracoastal Waterway and the present marina
basin.
The reclaimed land was then left
undeveloped until 1982.
These past site
activities added complications to the already
poor subsurface conditions and posed additional
engineering challenges for construction.

In 1982, Coscan Waterways, Inc., the Owner and
Developer, initiated construction for the multiphased development plan which included over 3,000
upscale residential units to be housed in
structures varying from 2 and 3-stories to as
much as over 30-stories. Typically about 2 ft of
soil fill was required to raise the site to
design grades. More fill was required in building
areas which were generally set at 1 to 2 ft above
street grades. The project would be complimented
by a 100-boat marina, a shopping center, a health
club, and other amenities.
New roads and
utilities were required.
The 2 and 3-story buildings, either detached
single family houses or townhouse clusters, were
masonry block first floor construction with upper
floor wood framing and wood truss roofs.
The
high-rise
condominium
structures
were
all
reinforced concrete construction with shear walls
to resist wind loads. A 2 to 3-level reinforced
concrete garage structure typically accompanied
each of the condominium towers.

SOBSORrACB BXPLORATIONS
Different phases of subsurface explorations have
been conducted over the project site.
These
explorations included test borings, static cone
penetrometer tests, and test pit excavations.
Both undisturbed tube samples and split-spoon
samples with Standard Penetration Tests, SPT,
were taken in conventional test borings.
The
SPT, when taken in the brittle limerock, tends to
fracture the rock matrix into limerock fragments
and sand.
This requires judgment to properly
identify the rock formation and interpret the
Standard Penetration Resistances, N-values.

Fig. 2

Static Cone Penetrometer Tests, CPT, were used to
supplement the boring data.
The CPT involved
taking cone penetration resistance readings, ~
values, at 20 em intervals by hydraulically
pushing a Dutch cone into the subsurface strata.

1965 Aerial Photograph
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Generalized Subaur~ace
Layers in Descending Order
1.

Hydraulic Sand and
Limerock (dredged) Fill

2.

Organic Silt and Peat

3.

1 - Typical

Subsur~ace

Conditions

Typical Depth
Typical
to 'l'op o~
Thickness,
Layer, ~t (a)
(a)

~t

'l'ypica1
•-value*

Typical
q.,-Valuea*

0

2 to 5
(0. 6 to 1.5)

10 to 20

100 to 200

2 to 5
(0.6 to 1.5)

4 to 9
(1.2 to 2.7)

0 to 4

0 to 10

Soft Limerock

10 to 15
(3 to 4.5)

10 to 20
(3 to 6)

15 to 30

so to 250

4.

Loose to medium dense
Sand

25 to 30
(7.5 to 9)

10 to 30
(3 to 9)

<1 to 20

30 to 80

5.

Variable Layers of
sandy Limestone and
Cemented Sand

50 to 70
(15 to 21)

variable

variable

variable

*

N-value:
q 0 -value:

Standard penetration resistance in blows/ft (1 ft
Cone penetration resistance in tons/ft 2 (kg/cm2 )
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Fig. 3

Typical Subsurface Profile

This relatively simple and economical procedure
produced
near
continuous
profiles
of
the
subsurface conditions and provided reliable data
for engineering evaluation.

consists of a dark gray and dark brown organic
silt with root fibers intermixed or interlayered
with a dark brown fibrous or silty peat. In some
areas, the peat is more predominant, while in
others the organic silt prevails.
In either
case, this organic layer is highly compressible,
exhibiting short term and long term settlements
that result from primary consolidation and
secondary compression respectively.
Based on
interpretation of the laboratory data and field
test results, it was believed that the organic
layer had undergone primary consolidation and was
undergoing secondary compression under the weight
of the hydraulic fill.
Any new construction
activities including site grading, roadways and
utilities
would
reiterate
the
primary
consolidation and secondary compression process
thereby posing potential short term and long term
settlement problems to the proposed construction.

Test pit excavations were made to the top of the
limerock to allow a better visual inspection of
the organic soils and investigation of the soft
limerock. Pumping tests were also conducted in
the test pits to explore the effort required to
dewater an excavation for removal of the organic
soils for a building site.

SUBSURFACE CONDITIONS
Based on the data obtained from the subsurface
explorations, the general subsurface conditions
at the project site can be summarized in Table 1.
A typical subsurface profile inferred from
representative
borings
and
static
cone
penetration tests is shown on Fig. 3.

The loose to medium dense sand layer (Layer 4)
typically consists of fine sand and shell with
occasional limestone fragments and zones of
slightly cemented sand. Both the N-values and q 0 values indicate that this layer would undergo
significant compression under heavy load.
In
addition, zones of loose sand that are dispersed
throughout the limestone and cemented sand
formation below 50 ft would also compress under
heavy load. Thus potential excessive settlements
were the concerns for high-rise structures both
during construction and during a hurricane.

The subsurface layers that posed engineering
problems to the proposed construction were
primarily the organic silt and peat (Layer 2),
the loose sand (Layer 4), and zones of loose sand
dispersed throughout the limestone and cemented
sand formations below 50 ft.
The organic layer
has an erratic thickness across the site, which
can be attributed to the former dredging of
canals and waterways.
This layer generally
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The preload technique was believed to be also
applicable for high-rise structures after removal
of the organic soils from above the limerock and
replacement with compacted fill.
Thus the
concept of preloading here was to precompress the
underlying loose sand (Layer 4) to minimize
settlement under the heavy building loads and
under wind loads.

COWBN'l'IORAL I'OtJHDATION SYSTBMS

Pile foundations have been largely used for
structures in the vicinity of the project to deal
with the poor subsurface conditions.
Pile
lengths varying from about 20 ft (6m) to 70 ft
(21m) have been used to transmit the structural
loads to
the appropriate bearing stratum
depending on the height and weight of the
structure. For a highly compressible site like
The Waterways, potential subgrade settlement
requires that the first floor be a structural
slab supported on piles and any below grade
utilities be suspended from the floor slab. This
significantly
increases
the
cost
of
the
foundation system. For high-rise structures, due
to the variable nature of the underlying
limestone bearing stratum, variable pile lengths
are typical.
Possible localized weak or loose
zones in the limestone existing just below pile
tips are potential hazards to concentrated loads
particularly during a hurricane.
In addition,
pile foundations do not resolve other long term
settlement problems generally associated with
site development.
Long term exterior grade
settlements will cause grade separations between
the piled structures and the perimeter ground,
most noticeably in areas adjacent to grade beams
and pile caps. Damage on utilities and roadways
resulting from long term differential settlements
is also a common problem.

The concept of preloading was particularly
suitable for the phased development concept of
the Waterways. In the early stage of development,
fill from within the project site was "borrowed"
from one location and used as preload fill for
another. Eventually this "borrowed" fill had to
be replaced; however, the "borrowing" concept
significantly reduced the upfront cost of the
project.
Subsequently, the fill necessary for
raising the site grade and that for backfilling
tower excavations were "borrowed" as preload
fill. The preload fill in one area was moved or
"rolled" over to another after preloading was
completed, thereby
maximizing its usage and
economizing its cost. To date, over 1,000,000 cu.
yd. (772, 200 cu.m.) of soil have been carried
across the Waterways site.
PIUILOADING
01'
CONSTRUCTION

PRB~ING

In light of the above described technical and
economical concerns, the concept of preloading
was reviewed. Preloading is a process whereby the
foundation soil is precompressed prior to
construction, typically by placing a pre-designed
and instrumented mound of soil fill over the
construction area. After adequate precompression
as verified by the instrumentation data, the
foundation soil would be stabilized and the
subsequent settlement would be small and uniform.
It was determined that if the poor subsurface
conditions can be stabilized by preloading to
eliminate short term settlements and to limit
long term settlements to tolerable magnitudes, it
would be better to "float" the low-rise
structures, utilities and roadways above the
precompressed organic soils. The idea was to
allow the structures to settle slowly and
uniformly with the site without any distresses or
grade
separations
due
to
differential
settlements.
~

SOILS

I'OR

LOW-RISK

The preloading of organic soils for highw~y
construction has been a routine practice 1n
British Columbia since the early 1960's (Lea and
Brawner, 1963) . Jonas (1964) reported the use of
preloading to stabilize the subsurface organic
soil for a commercial development in San Juan,
Puerto Rico. It has also been used to stabilize
different sites in the United States for other
types
of
construction,
including
airfield
runways, marine terminals, earth abutments, etc.
(Kapp et al, 1966 and Johnson, 1970) . Preloading
of organic soils for construction of residential
buildings,
public
roadways
and utilities,
however, was unprecedented in Dade County and
reservations on the reliability of the technique
were
expressed by
the
County
officials.
Consequently, laboratory and field load tests
were conducted to demonstrate the technical
feasibility of preloading and to establish design
parameters for the preload.

Demucking,
which
involves
excavation
and
replacement of the organic soils, has also been
used. However, this procedure is expensive for
the low-rise low density housing units. For the
high-rise structures, demucking does not preclude
excessive settlements due to compression of the
underlying loose sand layer.
CONCEPT 01'

O:a.GANIC

Laboratory Findings - Table 2 gives the typical
index properties and compressibility data for the
organic soils based on laboratory test results.
Although distinction between the organic silt
with root fibers and the peat were made whenever
possible for the purpose of laboratory testing,
it should be noted that the organic silt and the
peat in the field often existed in a non-defined
pattern or order.
Thus the wide variation in
compressibility should be anticipated and was
noted in field instrumentation data.

2 - Typica1 Index Propertie• and Compressibi1ity Data
Liquid
Limit (%)

Organic Silt

Natura1
Water
Content (%)
75 to 150

70 to 120

Peat

200 to 600

-

P1astic
Limit

Void
Ratio, eo

Compre8aion
Ratio, CR

55 to 80

2.3 to 3.8

0.14 to 0.35

Coef. of
secondaxy
Compression, Cu
0.007 to 0.024

-

3.1 to 4.7

0.40 to 0.62

0.029 to 0.031

(%)

998

The
primary
consolidation
which
involves
dissipation of excess pore pressure, typically
occurs rapidly in fibrous organic soils as a
result of drainage via the root fibers. This was
demonstrated by the consolidation tests whereby
the coefficient of consolidation under virgin
compression was typically measured between 0. 2
and 0.8 ft 2 /day (0.002 to 0.008 cm 2 /sec), and up
to 2.5 ft 2 /day (0.025 cm 2 /sec) for a peat sample.
Since the organic layer was generally less than
10 ft (3m) thick and was sometimes underlain by
or contained pockets of sand, it was believed
that short term settlement caused by primary
consolidation would readily be eliminated by
preloading.
Secondary compression is the continuation of
volume
change
after
primary
consolidation,
involving deformations and reorientation of
individual particles within the soil matrix. It
has been well established that for most soils,
the rate of secondary compression decreases with
time in a logarithmic manner. Thus, long term
settlements resulting from secondary compression
are generally described by the coefficient of
secondary compression, C<X, which is defined herein
as the slope of the strain-log time plot or
strain per log cycle of time.
has been observed by various investigators
(Moran, et al, 1958; Jonas, 1964; Simons, 1965;
Weber, 1969; Mesri, 1973; Ladd, 1975; Koutsoftas,
et al 1987; and Smith 1992), both in the
laboratory and in the field, that the coefficient
of secondary compression can be reduced by
preconsolidating the soil to a stress level
higher than the working stress. The degree of
reduction is a function of the degree of
preconsolidation. However, data correlating this
behavior are generally limited and are nonexistent for the organic soils in the Dade County
area. Moreover, the correlation varies with
different
soil
types.
Thus,
a
special
consolidation test loading schedule involving the
determination of the Ca-values at different
recompression stress levels was followed to
assess
the
reduction
in
C<X
at
various
preconsolidation ratio (PCR) . Fig. 4 shows the Ca
reduction ratio (Ca under recompression/Ca under
virgin compression) versus PCR for the organic
soils at the project site.
The data, although
somewhat scattered, indicate the C<X reduction
ratio decreases with increasing PCR.
It is
apparent that significant reduction in C<X can be
achieved at PCR slightly higher than 1.
A
reduction of about 80% or more appears possible
with a PCR of 2.
Further C<X reductions can be
achieved by higher PCRs, but the additional
reduction may not be practically significant.
It

Preconsolidation Ratio.PCR

Fig. 4

Ca-Reduction vs PCR

(36m) by 100 ft (30m) .
One test preload was
constructed to 10 ft {3m) high and the other 15
ft ( 4. 5m) high.
The organic layer at the test
location was about 5 ft (1.5m) thick consisting
of predominantly organic silt with root fibers in
the upper 4 ft {1.2m) and peat in the lower 1 ft
(0.3m). Three settlement plates were installed in
each test preload for settlement monitoring.
Each settlement plate consisted of a 2 ft x 2 ft
x 3/ 4-inch ( 0. 6m x 0. 6m x 1. 9cm) plywood base
with 2-inch (5-cm) steel riser pipes and outer
PVC protective casings. Optical elevation survey
of the top of the riser pipe was performed both
during the construction and duration of the
preload.
Fig. 5 and Fig. 6 show the preload settlements
plotted against the logarithm of time. Based on
these plots, the primary consolidation took place
rather quickly, within about 10 to 15 days.
Based on the coefficients of consolidation
obtained from the laboratory tests, the primary
consolidation at the test site was estimated to
be about 10 to 30 days.
Thus the field
consolidation took place slightly faster than
what the consolidation tests had indicated. The
calculated primary consolidation settlement, on
the
other
hand,
agreed closely with the
interpreted
field
primary
consolidation
settlement as shown in Table 3.

Similar laboratory findings on Ca for other
cohesive soils have been reported by Ladd (1975),
Koutsoftas, et al (1987), and Smith (1992). Ladd
(1971) compiled laboratory and field data from
previous
investigators
and plotted the
Ccx
reduction versus amount of surcharge {A.O.S.).
The definition of PCR and A.O.S. are given in
Fig. 4. The data from Ladd, Koutsoftas, et al and
Smith are also plotted in Fig. 4.
Test
Preloads
To
better
evaluate
the
compressibility characteristics of the organic
soils and to correlate laboratory test data with
field
behavior,
two
test
preloads
were
constructed at locations on the onset of site
development. Each test preload area was 120 ft

The test preloads were monitored for 3 months
over which time the compression of the organic
soils was believed to be carried well into
secondary compression. Based on Fig. 5 and Fig.
6, the coefficient of secondary compression can
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Fig. 5

Settlement vs Log Time
(10-ft Test Preload)

TIME (DAYS)

Fig. 6

Settlement vs Log Time
(15-ft Test Preload)

TABLE 3 - Settlement Due to Primary Consolidation
Preload
Height, ft (m)

Calculated Based on
Lab Data, ft (m)

Interpreted Based on Field
Measurements, ft (m)

10 {3.1)
15 {4.5)

0.40 to 0.70 (0.12 to 0.21)
0.50 to 0.80 {0.15 to 0.24)

0.40 to 0.60 (0.12 to 0.18)
0.50 to 0.65 (0.15 to 0.20)

be determined to range from 1.5% to 1.7%
strain/log cycle of time under the 10-ft-high
{3m) test preload and 1. 8% to 2 .1% strain/log
cycle of time under the 15-ft-high (4.5m) test
preload.
This indicates that the rate of
secondary compression increases with the preload
height or the consolidation pressure. It should
be noted, however, that the settlement may have
been affected by variation in soil composition.

reduction ratio after preloading can be
determined from Fig. 4.
The reduced Ca under
final load can then be estimated by multiplying
the reduction ratio to the field Ca determined
from the instrumented preload. Finally, the long
term settlement. under the design load after
preloading can be predicted using the following
formula:
Ca

•

A field unload and reload test was also performed
in one of the preloaded sites during the early
stage of development.
The test location was
underlain by about 9 to 10 ft {2. 7m to 3m) of
organic silt and peat. The preload was 13 ft (4m)
high and was left in place for 5 months. A total
settlement of 1.45 ft (0.64m) was measured. A Ca
of 3% strain/log cycle of time was determined
based on the settlement data.
The preload was
removed in about 2~ days over which time a
rebound of 0.78 inch (1.98cm) was measured. The
rebound was monitored for another 11 days with an
additional 0.33 inch (0.66cm) recorded. A 5-ft
(1. Sm) high soil fill {equivalent to a PCR of
about 2) was then placed in the preloaded area,
and the settlement was monitored for 4 months.
Fig. 7 shows the rebound and recompression versus
time.
The majority of the recompression took
place in the first 5 days, and the recompression
basically stabilized or completed within 15 to 20
days. A total recompression of 0.73 inches (1.85
em) was measured. No additional settlement was
measured for the next 3 months.
Unfortunately,
because of the construction schedule, additional
monitoring of the reloading was not possible.

{ 1)

in which st is long term settlement at time t; H
is thickness of organic layer after preload; (Ca) f
is reduced Ca under final or design load; t is
time since start of construction; t 1 is time to
completion of construction.
Following the above procedures, a conservative
reduced Ca of 0.5% strain/log cycles of
time
{based on the minimum Ca reduction curve in Fig
4) was
obtained for a 2-story
townhouse
supported on 1.5 k/ft 2 (72 kN/m 2 ) footings at the
15-ft (4.5m) test preload site, and 0.7% at the
10-ft (3m) test preload site. Accordingly, the
long term settlement of a 2-story townhouse was
predicted to be about 3/4 inch (1. 9cm) in 50
years at the 15-ft (4.5m) preload location and 1
inch (2.5cm) in 50 years at the 10-ft (3m)
preload location.
Similarly, a long term settlement of 1~ inch
(3.8cm) in 50 years was estimated for the 5-ft
{1. Sm) high reload soil fill if the soil fill
were to remain in place.
Since no secondary
compression was measured during the 4 month
reload period, this could suggest that the field
reduction in Ca might be closer to the lower bound
of the laboratory data shown in Fig. 4.

Settlement Predictions - With a known PCR, which
is the effective stress under preload over the
effective stress under final load, an estimated
1000
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Stabilization
The
results
of the
tests and field load tests verified
:he
technical
feasibility
of
preloading.
:onsidering the variation of the organic layer
lCross the project site and the sensitivity of
:he construction, at least a 15-ft (4 .5m) high
)reload was used for the 2 to 3-story residential
;tructures except in areas where small amounts of
>rganic soils existed as indicated by subsurface
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~o stabilize the roadways and utility routes, a
7-ft (2 .1m) high preload was typically used.
?reloading was also used to stabilize the garage
:irst floor to allow slab-on-grade construction.
~he garage structure was supported on short piles
iue to relatively high column loads, which would
nake preloading uneconomical and perhaps less

3.0

~eliable.
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1assive preloads up to 200,000 cu. yd. (154,440
:u. m.) at one time were then moved across the
)roject site to stabilize the organic soils. Up
:o over 2 ft (0. 6m) of settlement had been
neasured by means of settlement plates.
The
)lots of settlement versus time for a typical
)reload are shown on Fig. 8. The preload period
(as typically 3 to 4 months.
The primary
:onsolidation generally occurred within the first
nonth. During secondary compression, Ca as high
iS 5% strain/log cycle of time was measured, but
:he typical range was 2 to 3.5% strain/log cycle
>f time. The high range of field data reflected
:he large variation in the organic soils as
Lndicated by the borings and by the laboratory
iata.

Typical Settlement vs Time Plots
(Preloadinq of Or9anic Soils)

precompressed organic soils.
The footings were
designed for a maximum bearing pressure of 1,500
lb/ft 2 (72 kN/m2 ) in order to maintain a PCR of at
least 1.7. Top and bottom reinforcing steel were
used in wall footings to account for any negative
bending
resulting
from unanticipated minor
differential settlement. Both stem wall footings
with isolated slab and monolithic footing-slab
construction have been used. With the monolithic
construction, transverse steel between footings
and slab were used to account for potential
bending across the footing-slab juncture.
Roadways and utilities were CQnstructed without
demucking except for the gravity sanitary sewer
which is very sensitive to settlement due to its
low pitch.
Where the invert of a utility line
existed within the organic layer, 2 ft of bedding
stone were used.

~oundation Design - After
preloading, the 2 to
3-story buildings were supported on footings
dth slab-on-grade floors "floating" above the
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Leary and Lall9an (1982)

ScbDertaaDD (1977)

Portsview
Harborside
One Island Place

14
19
30

1 - 2 (3 - 5)
2 - 3 (5 - 8)
3 - 5 (8 - 13)

3/4 - 1\!1 (2 - 4)
1 - 2 (3 - 5)
2 - 4 (5 - 10)

I'ULOa.Dl.Q

CO.ITaUC'tlO•

or

LOOS•

Preloadinq of the organic layer to support highrise structures is not practical or reliable due
to heavy column loads and significant foundation
edge stress increases during hurricane wind
loading. Therefore, excavation-and-backfill is
required to remove and replace the organic soils
existing underneath the building foundations.
This procedure alone, however, is not enough to
limit settlements of high-rise structures to
within acceptable amounts.
Predicted ,Settlement - Leary and Langan (1982)
pointed out that considerable settlements of tall
buildings in the Miami area can occur as a result
of compression of the loose sand generally
existing underneath the lime rock layer.
The
compression of the loose sand generally increases
markedly when buildings exceed about 15 to 20
stories. By correlating the one-dimensional
compressibility moduli derived by Leary and
Langan for nearby sites to the CPT and SPT data
at the Waterways site, the settlements of the
different high-riser buildings under dead and
live loads were predicted as shown in Table 4.
Settlement analyses were also made using the
methods proposed by Schmertmann (1977). In these
analyses, the footprint of the building was taken
as the configuration of a large footing. The
settlements predict•d using Schmertmann's method
are also shown in Table 4.
Either method
indicated significant settlements would occur
under the weight of the buildings.
In addition to the predicted settlements under
dead and live loads, there were concerns of
potential
post-construction
differential
settlements
resulting from hurricane wind
loading.
It was anticipated that during a
hurricane, the foundation bearing stresses would
significantly increase on the leeward side of a
tall building and correspondingly decrease on the
windward side.
Any resulting differential
settlement would increase the drift of the

Fig. 9

building, which might in turn induce additional
stress changes in the completed structure. This
was particularly significant for the 30-story
buildings since relatively large settlements were
anticipated even before hurricane wind loading.
Site Stabilization - To reduce the potential
settlements, preloading was used for all highrise buildings after the organic soils were
excavated from within the building areas and the
excavation backfilled with compacted fill. These
procedures proved to be more economical than
using 60 ft to 70 ft (18m to 21m) long piles.
With the organic layer acting as a buffer to
groundwater infiltration, the excavation was
readily dewatered using large sump pumps to
facilitate complete removal of the organic soils
and placement of compacted backfill in the dry.
Fig. 9 shows a dewatered excavation where a
bulldozer was used to remove any remaining
organic soils on the limerock surface. Fig. 10
shows the excavation being backfilled.
The preload in this case was designed to
precompress the loose sand layer (Layer 4) and,
to a lesser extent, also the overlying soft
limerock and the underlying sandy limestone and
sand. A-30 ft (9.1m) high preload was used for
the 30-story buildings, and a 23-ft (7.6m) high
preload was used for the 14 and 19-story
buildings. The 30-ft preload weighed about 2
times the weight of the 30-story buildings, while
the 23-ft (7.6m) preload weighed more than 2.5
times the weight of the 14 or the 19-story
building.
Preload Settlement - The settlements induced by
the preload were monitored using settlement
plates as described before.
Settlement tubes,
involving slip-joint casings, were also installed
in predrilled bore holes to measure the
subsurface compression at 5 ft (1.5m) intervals.
The settlement versus time plots for the
different tower sites are shown in Fig. 11.
Based on these data, the settlement under the
preload basically was completed about 1 month
after the preload was topped out.

A Dewatered Excavation

rig. 10
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Backtilling an Excavation

14- STORY TOWER LOCATION
19 - STORY lOWER LOCATION
<PORT~
•
(~IDE)
1-"L-----~------~------~------L-------L-----~~----~------~------~------._--~

NOTE:1ft=0.305m

-1.0~----------~--4---------------+---------------+-------------~---------------r~

30 - STORY NORTH TOWER LOCATION

30- STORY SOUTH lOWER LOCATION

-12~--------------4-------~(a£~~~~~~~~------------+-------------~--~ONE~~~~~AJCE~~_,~

Fig. 11

Settlement - Time Plots for Tower Preloads
(Compression of Loose Sand)

1003

Foundation Design - After preloading, the 14 anc
19-story buildings were supported on footing!
with slab-on-grade floors. The footings werE
designed for a maximum bearing pressure of 8 k/ ft
(384 kN/m2 ) under dead plus live loads. EdgE
stresses beneath shearwall footings were limitec
to 10 k/ft 2 (480 kN/m2 ) under wind load. For thE
30-story buildings, a mat foundation was used tc
facilitate stress distribution and redistributior
both under dead plus live loads and under wine
load.
The column and footprint configuratior
also led to a mat design.

The 30-ft (9.lm) high preload at the 30-story
tower
site settled
6 to 9 inches
(15cm to
23om), while the 23-ft (7.6m) high preload at the
14 and 19-story tower site settled 6 to over 14
inches (15cm to over 35om) . This seemed to
indicate that the loose sand was more erratic and
more compressible at the 14 and 19-story tower
site than at the 30-story tower site. However,
the settlement tube data indicated that a
relatively large settlement had occurred below
the loose sand at the 14 and 19-story tower site.
This may be attributed to the existence of loose
sand to a greater depth in this area and to the
substantially larger overall loading contributed
by both the tower preload and the shorter preload
placed at the same time for the adjacent garage
floor slab.

The associated 2 to 3 level parking garages werE
supported on short piles installed into thE
limerock layer, which was more economical thar
excavation and backfill due to the relativel~
large column spans.
A slab-on-grade floor wa!
used after the building area was stabilized witl
a short preload.

The preloads, being substantially heavier than
the buildings, compressed the foundation soils
and rock at least by two times more than what was
anticipated to occur under each building.
Monitoring readings taken after removal of the
preload indicated a very small rebound, typically
about 1 inch (2.5cm). This behavior agreed with
Lambrechts and Leonards (1978), who noted, in
their cylindrical triaxial controlled stress
tests on laboratory prepared sand samples, that
strains induced during virgin loading were
largely inelastic. They also noted that this
irreversible strain due to prestressing · could
increase the reload modulus by more than an order
of magnitude
over that
of the normally
consolidated sample. The reduction in the field
modulus (or compressibility) after preloading is
difficult to determine. However, based on the
amount of rebound recorded during preload
removal, it was believed the recompression under
the building load would be less than the amount
of rebound. More importantly, under hurricane
wind loading, the additional settlement is
expected to be small and tolerable since the
loose sand has been prestressed.

~

PZRrORMANCB or COMPLETED CONSTRUCTION

Based on monitored and observed performance o1
the completed construction since 1984, preloa~in~
has proved to be a reliable technique foi
stabilization of the very poor soil and rock fol
all construction at the Waterways.
Roadways and Utilities - Constructon of N.E.
207th Street, which is a 4-lane County road that
leads to The Waterways from U.S. Highway No. 1,
required partial filling over virgin organic
soils.
The roadway was preloaded prior tc
construction and has been monitored by optical
survey since 1985. The vertical monitoring dats
is given in Table 5.
This data indicates
practically no or very insignificant settlement
has occurred in more than 7 years aftei
construction.

5 - Vertical MOnitoring Data, N.Z. 207th Street
Measured Vertical Movement in Inches (em)

Monitoring
Points

A
B

c

D
E
F
G

H
I
J
K

L
M
N
0

p

Q

R

s

NOTE:

8/27/85

0.02
0.05
0.05
0.10
0.05
0.04
0.04
0.07
0.06
0.02
0.01
-0.08
0.05
0.05
-0.01
0.06
0.06
-0.04
0.07

(0. 06)
(0.12)
(0.12)
(0 .24)
(0 .12)
(0. 09)
(0.09)
(0 .18)
(0.15)
(0. 06)
(0. 03)
(-0.21)
(0 .12)
(0.12)
(-0. 03)
(0 .15)
{0 .15)
{-0.09)
(0.18)

4/23/86

0.06
0.14
-0.12
0.08
0.05
-0.12
0.06
0.01
-0.05
0
0.04
-0.10
0.10
0.05
-0.03
0.08
0.13
0.05
0.05

(0.15)
(0. 37)
(-0.30)
(0. 21)
(0.12)
(-0.30)
(0.15)
(0. 03)
(-0.12)
(0)
(0. 09)
(-0.24)
(0.24)
(0 .12)
(-0. 09)
(0. 21)
{0. 33)
(0 .12)
(0 .12)

6/2/89

0.05
0.22
-0.10
0.04
-0.02
-0.10
0
0.05
0
-0.11
-0.05
-0.11
0.08
0.14
-0.07
0.13
0.12
-0.05
0.02

(0.12)
(0.55)
(-0 .24)
(0. 08)
(-0. 06)
(-0.24)
(0)
(0.12)
(0)
(-0.27)
(-0 .15)
(-0.27)
(0.21)
(0.37)
(-0 .18)
{0.33)
{0.30)
{-0.12)
{0. 06)

10/5/92

-0.10
0.19
-0.17
0.12
0.07
0
0.11
0.10
0.05
-0.08
-0.05
-0.11
0.02
0.14
0
0.24
0.12
0.02
0

(-0.24)
(0. 49)
(-0.43)
(0 .30)
(0.18)
(0)
(0 .27)
(0.24)
(0.12)
(-0 .21)
(-0 .12)
(0 .27)
(0. 06)
(0.37)
(0)
{0. 61)
( 0. 30)
{0. 06)
{0)

Monitoring points were established 25 March 1985. Positive values indicate measured
upward movements; negative (-) values indicate measured downward movements.
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Project
One Island Place North Tower (30-stories)
One Island Place South Tower (30-stories)
Harborside (19-stories)
Observations of the general site area have
revealed no noticeable settlement. Parking lots,
garage floor slabs, walkways, and curbing have
been observed to be in satisfactory condition.
One added benefit of the preload was observed
during installation of utility lines where
excavation had to be extended into the
precompressed organic layer. The shear strength
of the organic layer had been significantly
increased under the preload, thereby helping the
side walls of the utility trenches to remain
stable throughout the utility work.
Low-Rise Structures - No long term settlements of
the low-rise buildings have been monitored due to
occupancy of these housing units by individual
owners. However, observations of the conditions
of these structures over the past 7 years have
not indicated any noticeable settlement or sign
of distress as a result of differential
settlements.
High-Rise Structures - Settlement points were
installed in columns and shear walls in the
ground floor level of the 19 and 30-story
buildings during construction.
The total
settlements measured after topping out of the
towers are shown in Table 6.

ill IDem (aa)

(1. 78 - 2.24)
(0.89
1.88)

(0.56

1.22)

data for a nearby 30-story tower, which was also
engineered by the writer. The nearby 30-story
tower was supported on 60-ft (18m) lonq piles
installed into the sandy limestone layer below
the loose sand. The measured settlements after
topping out, althouqh relatively uniform and
inducing no adverse effect on the completed
structure, exceeded 2 inches (Scm) . Thus in the
Miami area, where layers of loose sand and soft
limestone prevail, the preload-shallow foundation
system can perform better than the more expensive
pile foundation system.
Today, about 80' of The Waterways has been
developed. Fig. 12 shows an aerial photograph of
The Waterways taken in 1991. A photograph of the
completed and occupied 30-story towers at One
Island Place is given in Fig. 13,
As ot the
writing of this paper, preloading for 60 units of
w•terfront
townhouses
and
a
subsurface
investigation for five additional 30 and 31-story
towers were underway in the remaining portion of
The Waterways.
CC.CLUBIOIIB

1. Despite the variable and compressible nature
of organic soils, preloading has proved to
be a reliable and economical stabilization
.m ethod to allow construction of 2 to 3-story
residential housing, roadways and utilities
without tqe need of excavation-backtill or
piles.
The preload procedure for this
purpose requires about 3 to 4 months at the
Waterways site.

The measured settlements were as predicted, i.e,
less than 1 inch (2 .Scm).
It was anticipated
that the additional settlement in the leeward
side of the building during a hurricane would be
small and tolerable due to the prestressing
effect on the loose sand.
Although no
instrumentation was installed to measure the
foundation response of the high-rise structures
during Hurricane Andrew, which hit the Miami area
on 24 August 1992, no signs of distress were
observed or reported after the hurricane.

2. Preloading is also an economical technique
to precompress the loose sand and soft
limestone in the
Miami area · to limit
settlements
of high-rise structures
on
-~allow
foundations
both
during
construction and during hurricanes.
The
preload procedure for this purpose requires
about 1 to 1~ months at the Waterways site.

An interesting point was observed in comparing
the above settlement data with the settlement

Fig. 12

Bettl-.nta
0.70- 0.88
0.35
0.74
0.22
0.48
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One Island Place Twin Towers
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